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Alfalfia: Hay, Haylage, Baleage, and Other
Novel Products

B Introduction

B Alfalfa utilization by dairy: cattle
-Alfalfa vs corn silage in diets
- Protein utihizatien of alfalia

B Composition of alfalfa hay and corn silage
m Novel alfalfa products




2003 U S Alfalfa Hay Preduction
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Leading Alfalfa Hay Production
States, 1,000 tons, 2005

a op 10 States
- 58 % ofi U. S.
- 601 % ol Acre
-4 states NC
- 6 states \West
-5/ Lead Dairy.




Leading Alfalfa Hay: Acreage
States, 1,000'acres, 2005

a op 10 States
-58% of U. S.
- 63 % of Acre
- 3 states NC
- 7 states \West
-4 |Lead Dairy.
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Leading Alfalfa Ferage Production
States, 1,000 tons;, 20035
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Percent of Total 2003 Alfalfa
Production - Haylage




California Dairy Nutritienists
Value Alfalia Hay.

u Highrenergy: value

u |ts rapid ruminally digested structural filer
which stimulates intake

m Coarse structural fiver that stimulates chewing
and salivatien which results in ruimen buffering
and buffering capacity

u High pretein
u Relatively high propoertion of pretein that
escapes rumen undegraded

Peter Robinson, University of Davis - CA




Alfalfa: Corn: Silage

50% fiorage: 50 % cencentrate

ltem ASH 213 AS 1/3 AS
vilk preduction
Mature cows, b/hd/305 21,148F 22,422 22,100
1st calf cows, lb/hd/305 17,911 18,546 18,008
3.5 % FCM, lib/d 66.2 2.4 70.0
Milk pretein;, lb/a 2.09 2.22 2.18

L(AS) Alfalfa silage: % DM, 40.2; CP; 19.5; ADE, 33.9; and NDE, 40.1. (CS) corn
silage: % DM, 35.5; CP, 7.8;; ADE, 25.3; and NDE, 45.3

SOURCE: Dhimaniand Satter. 1997. J. Dairy Scil 80: 2069.




High Alfalfa Haylage Diet

ltem Contrel  Protein  Eat

DMl intake, b 48,45 55.92 495
BWW gain, i 50.6 48.4 33.0
3.5 Y% ECIM, b 63.4¢ 75.08 67.5°¢
Milk protein, Ib 1.89P 2,297  1.94°

We \Veans in same row with different superscripts differ (p<0.01)
SOURCE: Dhiman and Satter, 1993.




[tem

CP,% ofi DM

DMl intake
BW change
Mk

[Eat

Protein
SINIE

DC\eans in same row with different superscripts differ (p<0.05)
I Diets supplemented with 3 %, (DM basis) low-soluble fish meal.
= OURCE: Broderick, 1995.

Protern Use of Alfalta

Silage nay

171 15.4 18.6

pounds DM per day pel cow

49),2¢ 52,9 5d.45
-0.86¢ 0.99¢ 0.18°
77.8¢ 79.6" 82.52
2.65P 2.60" 2.82°
2.29¢ 2,439 2.512
6.64¢ 6.81° 7.052

silage +EM® hay+EME

17.0

53,42
1.082
81.42
2.60°
2.492
7.012



Feed Storage Problems

« However In alfalfa, our primary forage:

Fresh  Alfalfa Hay Alfalfa
Alfalfa Silage




Supplementation of a 50% Alfalfa Silage Diet with
Raw or Roasted Soybeans (Faldet & Satter, 1991)

Roasted Soybeans
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Milk Production (Ib/day)
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USDFRC Week of Lactation




Effiect of Silage Presenvation on Alfalia

ltem Control Formic  Grainmax
C° acid F* G°

Silage comp

Moeisture, % 61.7 64.8 64.1

Crude protein,, % 214 20.8 211

NEPN; % ofi N 43.1 29.1 35.5

NDE, % 38.9 41.2 41.3

sControl silage was ensiled untreated
“Silage ensiled after treatment of 2 gal/T of 90 % formic acid

>Silage ensiled after treatment with 1.5 gal/T of Grainmax & 16%
fiormaldenyde.

roderick and Satter. 1998. Proc. 4-State DEEMC




Effect of Silage Presenvation on Alfalia

ltem Control Formic  Grainmax
C° acid F* G°

Intake and milk

DM intake, lb/day 40,3 20,1 43.4

Milk; llb/diay 64.4° 7 71.42

Eat, l/day 2.4b 2.92 2.92

Protein, llb/day 1.8 2,072 1,92

sControl silage was ensiled untreated
“Silage ensiled after treatment of 2 gal/T of 90 % formic acid

>Silage ensiled after treatment with 1.5 gal/T of Grainmax & 16%
fiormaldenyde.

roderick and Satter. 1998. Proc. 4-State DEEMC




Post Hanvest Proteolysis in Alfialfa
Impact on dairy production

M Increased NPIN decreases the efificiency: of protein utilization
N ruminants

- Inefficient utilization off alfialfa protein requires the feeding of
supplemental protem with high RUP te maximize milk preduction.

- |nefificient utilization of alfalfa pretein also results in the excretion of
excess rumen NH3, leading to Increased N losses to the envirenment.

e
s —

607

501
Typical NPN 40 o Alfalfa
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Red Clover vs. Alfalfia Silage

Protein breakdewn (% o alfalia)

120- S
100- ——
80+
60
40+
20+
0

Red clover Alfalfa Alfalfa+ PPO Alfalfa PPO Alfalfa
Caffeic acid + Caffeic
acid

Alfalfa can be used as a model te study the inhibition of
protein breakdown in silages.
PPO = Polyphenoel Oxidase gene frem red clever




Improving Alfalfa for Dairy: Rations

Currently, using harvesting management toe
Impreve alfalfia guality:
Immature alfalia has many: appealing
Autrtienal preperties
Low In fiker
IHigh digestibility
Highi intake potential
Rapid rate ofi digestion
IHighiin crude protein




Impact off Harvest Management on Forage

Very low grain

Quality.

I [Description CP. EE Ashi  Starchi  Pectint aNbDE ADE  ADL
ALFALFA HAY
Exceptional 25,4 2.0 10.4 3.1 14.2 30.0 24.0 4.53
\ery high 2250) 216 0.9 2.9 1312 34,1 200 5.38
High quality,
Good quality. 21.0 2.4 0.1 2.5 11.4 42.2 33.0 7.08
Fair quality; 19.5 2.2 8.7 2.3 10.5 46.3 36.0 7.93
CORN SILAGE
\/. highi grain 8.3 3.2 4.1 31.1 (v 36.0 21.0 1.57
Highr grain
Normal 8.8 3.0 5.1 23.2 1.5 Z50) 200 2.25
Low! grain 0.0 2.8 5.7 19.2 1.4 49.5 30.0 2.59

0.3 2.1 6.2 15.3 1.3 54.0 33.0 2.93




ldeal Alfialfa — Sole Diet

Insoeluble CHO Cow  Corn Alfalfa Hi-Qual
anadl Lignimn Req. Silage Silage Alfalia

NDE 43 43

ADF 24 33

AD Lignin 3.0 8.6 4.0
N

P

N

DE digestion rate .06 .10 15

aysically: effiective 38.7 40.8
DE




ldeal Alfialfa — Sole Diet

Soluble CHO Cow  Corn Alfalfa Hi-Qual

Reqg. Silage Silage Alfalia
Nonfibrous CHO 20 25.0
Nonstructurall CHO 40 (0] 17
Starches 36 3

Pectins+ 2 15




Apparent Dry Matter Digestipility.

off AlH and CS

item AH AH CS proc CS proc

209ADE  27Y%ADE  24%ADE  27%ADE
% alNDE 30.0 34.1 Z10)85) 45.0
% NDED 52.1 46.8 61.4 60.6
% dINDE 15.6 16.0 24.9 2.3
% NDS 70.0 65.9 5905 55.0
% AINIDS 68.6 64.6 58.3 53.9
% True DM digestiility 84.2 80.6 83.2 8.2
% Endo fecal DM exer -12.9 -12.9 -12.9 -12.9

% Apparent DMID 71.3 67.7 70.3 68.3

| L RCE: Mertens, 2003.




Alfalfa

Orchardgrass

Forage Eiber Digestibility
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New Alfalfia Products of high value
alie needed te expand acreage...

Researc
Develo
Develo

. i i
L R

1| efforts underway. to:
0 alfalfa with) value-added: traits

9 NEW processing technoelogies

Below: Four of the 30+ feed prod-
cts made by the French co-op. T |

Reconstituted bales are sold year- 5
round to French dairy farmers. 10 Hay & Forage Grower | February 200



Novel Products ofi Alfalta

Three methods of forage firactionation
exist:

\Wet fractionation; separation inte a juice and
a fiber fraction

Dry fractienation; Sseparation inte leaves anad
stems

Animal fractionation; passage of whole plant
through digestive systems of ruminant
animals, leavingl a high filber residue.




Novel Products of Alfalta

Twe Impertant conditiens must be met for
alfalfa fractionation te be feasible and
sustainable:

Totall value of resulting products must be

greater than the original ferage plus the cost
ofi precessing;

All fractions must have econemic value to
avold creating a waste stream.



Novel Products of Alfalfa

\Wet-fractionation; process has twe
advantages fiorr agrculture:

Eerage crops can be hanvested almost
Independent ofi weather, since meisture Is
iemoved mechanically rather than by mother
nature

A versatile protein concentrate Is obtained
which can be fed te nen-ruminants, Including
Aumans, as wellas dairy: cattle.




FRACTIONATION METHODS

Wet Dry Animal
Herbage Herbage Herbage

N\ N N

Juice “Fiber” Leaves Stems “Digestibles” Fibrous
l l (toanimal)  Fraction
Enzymes Enzymes Hard%vood
(Transgenic) (Transgenic) “Masonite”
Biofilters

Bio plywood



Development off Green Genes

Transgenic Paytase-rich Alialia

B Phyiase enzyme makes P i grain ration of
monegastric diets more availanle (peultry,
swine, and fish)

m Less P excreted In feces

B Phytase enzyme levels off 1 -2 %, of soluble
proteln possible

B Phytase extraction withrwet firactionation gives
added value of xanthophylli & high protein

B Phytase Is stable - alfalia leafi meal




Alfalfa - Produced Phytase |n Poultry
Rations: BT

“*Eliminates need for
phosphorus
supplementation

“*Reduces the phosphorus
content of feces to less than
half




VALUE OF PHYTASE-PROTEIN-
PIGMENT CONCENTRATE PER ACRE-

YEAR
PHYTASE 4lb; @ $150/1b =$600
XANTHOPHYLL 1.2Ib: @ $175/Ib = $245
PROTEIN CONC. 13751b x $0.10/Ib = $137

Total $982




Potential new uses of alfalfa

B Electric

generation




Minnesota Agri-Power:
Project to Produce Electricity and Livestock
Feed (and Improve the Environment) with
Alfalia

B Separate alfalfia hay.
Into leaf and stem
fractions.

B Produce electricity:
firom| the low-value
stems.

m Utilize the leaves as a
fieed supplement for
livestock.




Composition of Leaf Meal - Eractionation

Component Separation Mechanical
Lab 96 96 96
----- % ofi driy: welght----
Crude protein  25.2 21.9 25,6 26,2

NIB)= 36.0 36.5 43.6 34.4
ADE 21.5 21.9 26,6 29. 1.

Ash - 11.3 12.4 14.8

SOURCE: DiCostanzo et al. 1999,




Dry Alfalfa

T

ILeaf Meal IHIgh filoer

Protein Supplement Combustion, Gasification

_ Or Enzymatic Hydrolysis
Dailry, Beefi, and Poultry.




T :

EcolLA™
anmally re
Grad

SASTM Test #0 5138

Bio-degradable plastics
made from Lactic Acid

ECO-PLA.

The renewable bioplastic from Cargill

Check These
Features:

Phone:
1-800-879-3876

FAX:
1-606-581-8327

oo




Fiber Board and Filter Mats from Manure

Thick Filter Mat

ttttt

Fiber Board

" Thin Filter Mat




Fresh Alfalfa

P

Juice

J Heat coagulate

Protein Concentrate
Poultry supplement o calf-replacer

High fileer

Ruminant feed

sStore silage in bunkers
s[Process filber

New preducts






Eractionating for Quallity

Alfialfiar fractionating at harvest:




Eractionating for Quallity

Alfalfa fractionating at hanvest:

g tars
& AbTh
T



Fractionating for Quality

Why firactionate alfialfia at harvest:

Leafl yield and guality: relatively: unalfected

Y maturity.
Stem quality: difuted withr age.

Conventienal practices co-mingle high- and

low-guality:.




Fractionating for Quality
Why: firactionate alfalia at hanest:

Fractionated leaves and stems can be
target fed more: optinally.

Single day harvesting poessible.

| eaves: direct-ensiled with amendment

Stems: wilted and chopped on same day.

EFewer cutting possible



Fractionating for Quality

% w.b.

Moisture ...

85%

80%

/

Whole
plant

Stripped
Stems

5%

70%

65%

60%

11:00 AM

1:00 PM

3:00 PM

5:00 PM




EFractionating for Quality

Why: firactionate alfalia at hanvest:

Value-added products possible:

Leaves: protein concentrates, plgmenting

agents

Stems: fiberboard, paper pulp, energy



Fractionating for Quality

What Is; the big hurdle withr alfalia

harvest fractionation:

Direct ensiling with' amendment:

About 1 ton ground corn grain or DDG

needed for every acre




Potential new: uses of alfalfa

N Electric generation

N Preieinpreduiction




Biotechnoelogy ek ke P
In Alfalfa Plants

Applications in Alfalfa e

growing alfalfa to produce hu-
man hemoglobin.

Viridis, a subsidiary of Alfalis,
which specializes in alfalfa produc-
tion, hopes to begin manufacturing
various proteins, especially hemo-
Ilnsertion; of BilF gene toe =

g “Alfalfa is a true protein f2Tw
says Damien Levesque, Viridis’ m'i

deter Insect feeding aging divector. It is the plant thal

can produce the largest quantity of

Coat protein fior control of proteins per acre - far ahead of soy-

beans. Alfalfa produces 2,200 |bs of

I prutﬂ'ﬂ per acre, compared with
Vlruses - o 890 lbs for sovbegne
His company specializes in the

Im PIrove d extraction of alfalfa juice for pig-

ments and other products,

WI n ter h ar d | n eS S "The special characteristic of
: . alfalfa is storing the proteins in the

leaves and not in the seeds like
B al an C ed an I m al d I etS soybeans or peas,” says Levesque.
"Extraction is therefore carried out

A | fal fa b I O rem ed I atl O n by pressing the green foliage in
order to recover proteins in the
altalfa juice without altering its

Alfialfa reet & nodules e e
cific technology for pressing.”

H u m an p rotel n S Viridis has acquired Medicago, a
Quebec biotechnology company that
successhilly introduced the gene for
hemoglobin production in alfalfa
plants.

HayAndForage.com




Potential new uses of alfalfia

B Electric generation
B Protein production

N Eilhianel preduciien




W

Biomass Conversion to

Enzymatic

Ethanol

a

Electricity &
Processing Heat

eclowrn of

olyse gchandes

Sugars

Sugars

Ethanoel Recovery.




Alfalia in Crop Rotations:

B Adds nitregen via bielogical fixation

mproves water infiltratien and soeil guality
Reduces soll erosion firom wind and water
mproves yield of sulbseguent crop

Reduces Nifertilizer demands of
SuUsSeguent crops




Alfalia in Crop Rotations:

B Helps pretect surface
and ground water

m Acts as waste-water
fecycler




Alfalfa and grass CRP effectively: filter

W tile drain water

Continuous corn
@ CORN-soybean
@ SOYBEAN-corn

@
A Alfalfa
# Conservation
Reserve Program

Nitrate loss (Ib N/acre)

15 .20 . 25
Tile drainage (acre-inches)

>40 million acres are tile drained
e the Upper Midwest

Randall, Huggins, Russelle et al., 1997



United States Total
21,309,734

contamination

b
S
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©
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Source: 1997 Census of Agriculture

Alfalfa Hay Harvested: 1997

1995)

| | Moderate Risk
| High Risk
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| Low Risk

Risk of Groundwater Mitrate

Contamination (1870

[ Insufficient Data



A multidisciplinary: collaboration of pulic
and private scientists

Daiiry: Nutritien (USDERC)

Biochemistry (Neble Foundation and USDERC)
Molecular/cell biolegy (Neble, EGl and DowAgre)
Adronomy.

Plant breeding (EGI)




Novel Products of Alfalfa

Summary: and Conclusions

Alfialfiar canl he precessed to provide preoducts
of higher value.

Processing green alfalfa via wet firactienation
flemoVves effects of weather en hanvest

Corn and seyhean cash farmers will benefit
firem all types of firactionation discussed.

TThe Alfalfa Industry must coeperate to
Suppoert research and development te obtain
new products from; alfialfa.
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